Mean-field dynamo in a turbulence with shear and kinetic helicity fluctuations 
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We study effects of kinetic hehcity fluctuations in a turbulence with large-scale shear using two 
different approaches: the spectral tau-approximation and the second order correlation approximation 
(or first-order smoothing approximation). These two approaches demonstrate that homogeneous 
kinetic helicity fluctuations alone with zero mean value in a sheared homogeneous turbulence cannot 
cause large-scale dynamo. Mean-fleld dynamo can be possible when kinetic helicity fluctuations are 
inhomogeneous which cause a nonzero mean alpha effect in a sheared turbulence. On the other 
hand, shear-current effect can generate large-scale magnetic field even in a homogeneous nonhelical 
turbulence with large-scale shear. This effect was investigated previously for large hydrodynamic 
and magnetic Reynolds numbers. In this study we examine the threshold required for the shear- 
current dynamo versus Reynolds number. We demonstrate that there is no need for a developed 
inertial range in order to maintain the shear-current dynamo (e.g., the threshold in the Reynolds 
number is of the order of 1). 

PACS numbers: 47.65.Md 
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I. INTRODUCTION 

It has been widely recognized that astrophysical large- 
scale magnetic fields originate due to the mean-field dy- 
namo (see, e.g., [l|, y, S S S la, 01)- Such dynamo can 
be driven by the joint action of the mean kinetic lie- 
licity of turbulence and large-scale differential rotation. 
On the other hand, recently performed numerical exper- 
iments fg, M, Il3l have demonstrated existence of a non- 
helical large-scale dynamo in a turbulence with a large- 
scale shear whereby mean a effect vanishes. Note that a 
sheared turbulence is a universal feature in astrophysical 
d, 0, [U and laboratory ^ flows. 

One of the possible mechanism of the nonhelical large- 
scale dynamo in a homogeneous sheared turbulence is 
a shear-current effect that has been extensively studied 
during recent years (see [ij, [ij, [l^, ]l^). In particu- 
lar, the deformations of the original nonuniform magnetic 
field lines are caused by upward and downward turbulent 
eddies. In a sheared turbulence the inhomogeneity of the 
original mean magnetic field breaks a symmetry between 
the influence of the upward and downward turbulent ed- 
dies on the mean magnetic field. This creates the mean 
electric current along the mean magnetic field and re- 
sults in the nonhelical shear-current dynamo. Indeed, the 
large-scale velocity shear creates anisotropy of turbulence 
that produces a contribution to the electromotive force, 
Wx J, caused by the shear, where W is the background 
large-scale vorticity due to the shear and J is the large- 
scale electric current. Joint effects of the electromotive 
force WxJ and stretching of the mean magnetic field 
due to the large-scale shear motions cause the mean-field 
dynamo instability. Note also that the numerical experi- 
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ment with Taylor-Green forcing [l7| seems to be another 
example of a mean-field dynamo produced by a combined 
effect of a nonhelical turbulence and a complicated large- 
scale flow. 

Other effect that might explain the nonhelical large- 
scale dynamo is related to kinetic helicity fluctuations 
in a sheared turbulence. A problem associated with dy- 
namics of large-scale magnetic field in the presence of ki- 
netic helicity fluctuations in a shear-free turbulence has 
been formulated for the flrst time by Kraichnan [l^l (see 
also ]l|). In particular, he assumed that in small scales 
lu ^ ^turb *^ ^0 (and T^ ^ Tturb ^ tq) there is a small- 
scale turbulence generated by forcing F^"^. On the other 
hand, in the scales Iq -^ I <^ Ix (and Tq <^ t -^ t^) there 
are kinetic helicity fluctuations (or a fluctuations) with 
a zero mean generated by forcing F^''^^ The mean-fleld 
effects occur at large scales L'^ l^ (and times r^ ^ t-^), 
where the large-scale helicity is zero. The large-scale 
quantities are determined by double averaging over ve- 
locity fluctuations and over kinetic helicity fluctuations. 
It was found in [l^ (see also [l|) that kinetic helicity 
fluctuations in a shear-free turbulence cause both, a re- 
duction of turbulent magnetic diffusion and a large-scale 
drift velocity, V*^"^ ex V(a^), of the mean magnetic field. 

In recent time the dynamo problem related to kinetic 
helicity fiuctuations has been extensively studied. In par- 
ticular, various mathematical aspects of this problem has 
been discussed in [l0| (see also [20|). Some numerical ex- 
periments which examine effects of kinetic helicity fluc- 
tuations have been performed in [lO|, |2l|. In particular, 
numerical simulations of the magnetic field evolution in 
accretion discs in [2l| have demonstrated that kinetic he- 
licity fluctuations with a zero mean can result in genera- 
tion of large-scale magnetic field. 

It has been pointed out in [22| that inhomogeneous 
kinetic helicity fluctuations in a sheared turbulence can 
produce a mean-field dynamo. In particular, a joint ac- 
tion of a large-scale shear and a nonzero mean alpha ef- 



feet caused by the inhomogeneous kinetic helicity fluctu- 
ations can result in generation of a large-scale magnetic 
field, where the mean alpha effect in a sheared turbu- 
lence is proportional to V(a^). This mean- field dynamo 
is similar to the afi-dynamo. On the other hand, it has 
been suggested in [23| using phenomenological arguments 
that homogeneous kinetic helicity fluctuations in a homo- 
geneous turbulence with shear may generate a large-scale 
magnetic field. 

The main goal of this study is to examine a possibility 
for a nonhelical large-scale dynamo associated with ho- 
mogeneous kinetic helicity fiuctuations with a zero mean 
in a homogeneous turbulence with a large-scale shear. 
In a study of a sheared turbulence we use two differ- 
ent approaches, namely, the spectral tau- approximation 
|14| and second order correlation approximation (SOCA, 
sometimes refers in astrophysical literature as first-order 
smoothing approximation (FOSA), see, e.g., [2J, [25J). 
We also investigate dynamo effects associated with in- 
homogeneous kinetic helicity fluctuations in a sheared 
homogeneous turbulence. 

This paper is organized as follows. In Sec. II we formu- 
late the governing equations and outline the procedure of 
derivation based on the r-approach, that allows us to de- 
termine a contribution to the mean electromotive force 
caused by a combined action of the sheared turbulence 
and the kinetic helicity fluctuations. In Sec. Ill we study 
the effects of kinetic helicity fluctuations in a sheared tur- 
bulence using the r-approach. In Sec. IV we investigate 
simflar effects using the SOCA-approach. In Sec. V we 
discuss the threshold required for the shear-current dy- 
namo versus Reynolds number. In Sec. VI we draw con- 
cluding remarks. Finally, the detailed derivations of the 
effects of kinetic helicity fluctuations in a sheared turbu- 
lence using the r-approach and the SOCA-approach have 
been performed in Appendixes A and B, respectively. 



II. GOVERNING EQUATIONS AND THE 
r-APPROACH 



In order to study mean-field dynamo in a turbulence 
with kinetic helicity fluctuations and large-scale shear we 
use a procedure which is similar to that applied in [14] for 
an investigation of a sheared turbulence. In particular, 
we use the following equations for fluctuations of velocity, 
u, and magnetic field, b, in order to determine the effect 
of shear on a turbulence: 



du 
'dt 

dh 

dt 



1 



-(U-V)u-(u-V)U- VI - 1 +- [(b-V)B 
-l-(B-V)b] +i/Au + u^+F(")+F('^\ (1) 
(B- V)u - (u- V)B + (b- V)U - (U- V)b 
+ri Ah + h^ . (2) 



brackets (...) denote averaging over ensemble of turbulent 
velocity field, the velocity U = (u') = U*-"^^ + V includes 
an imposed large-scale sheared velocity U^'^', u' = u-l-U 
is total velocity field, v is the kinematic viscosity, 77 is the 
magnetic diffusion due to electrical conductivity of the 
fluid, p is the fluid density, p are the fluctuations of to- 
tal (hydrodynamic and magnetic) pressure, the magnetic 
permeability of the fluid is included in the definition of 
the magnetic field, v^ and b''^ are the nonlinear terms, 
F*^"^ and F^'*^) are the stirring forces for velocity and ki- 
netic helicity fiuctuations, respectively. 

Using Eqs. (H]) and ^ written in a Fourier space we 
derive equations for the instantaneous two-point second- 
order correlation functions of the velocity fiuctuations 
(uiUj), the magnetic fiuctuations (bibj), and the cross- 
helicity tensor (biUj). The equations for these correla- 
tion functions are given by Eqs. (jA2p - (jA4p in Appendix 
A. We split the tensor of magnetic fiuctuations into non- 
helical, hij = {bibj), and helical, ft,)- , parts. The he- 

lical part /i) depends on the magnetic helicity, and it 
is determined by the dynamic equation that follows from 
the ma gne tic helicity conservation arguments (see, e.g., 
HE mM, M,M,M,M,^, and a review 0] ) . 

The second-moment equations include the first-order 
spatial differential operators Af applied to the third- 
order moments M'^^^^K A problem arises how to close 
the system, i.e., how to express the set of the third- 
order terms AfM^^^^^ through the lower moments M^^^^ 
(see, e.g., [SJ, |3^, [S^). We use the spectral r-closure- 
approximation which postulates that the deviations of 
the third- moment terms, AfM^-^-^-^\\i.), from the contri- 
butions to these terms afforded by the background tur- 
bulence, AAM^^^^'"' (k), are expressed through the similar 
deviations of the second moments, M(^^^(k)— M(-^-^'°)(k): 



MM^^^^^k) - ^M("^^°)(k) 
1 



Tr{k) 



M(^^)(k)-Af(^^'°)(k)j ,(3) 



The velocity field is assumed to be incompressible. Here 
B = (b'), b' = b-|-B is total magnetic field, the angular 



(see [ij, S, [31 IM [si]), where r^(fc) is the scale- 
dependent relaxation time, which can be identified with 
the correlation time of the turbulent velocity field for 
large hydrodynamic and magnetic Reynolds numbers. 
The quantities with the superscript (0) correspond to 
the background shear-free turbulence with a zero mean 
magnetic field. We apply the spectral r approxima- 
tion only for the nonhelical part hij of the tensor of 
magnetic fluctuations. Note that a justification of the 
r approximation for different situations has been per- 
formed in numerical simulations and analytical studies 
in [7l.[40l . [U [H, [13, [11, [H (see also detailed discussion 
in [IBllTSec. 6). 

We assume that the characteristic time of variation 
of the magnetic field B is substantially larger than the 
correlation time r(fc) for all turbulence scales. This 
allows us to get a stationary solution for the equa- 
tions for the second-order moments, M'-^^\ We split 
all second-order correlation functions, M^^^\ into sym- 



metric h 



is) 



N(k) 



i-ij^ 



Aa) 



-k)]/2 and antisymmetric 

h\y = [hijCk) — hij{—'k)]/2 parts with respect to the 
wave vector k. For the integration in k-space we have 
to specify a model for the background shear-free turbu- 
lence. A non- helical part of the homogeneous background 
turbulence is given by the following equations 



(fe,6,)(")(k) = (b^ 



S,. - ^^ ^ , (4) 



fc2 J 87rfc2 
kikj\ Eik) 



fc2 J S-Kk^ 



(5) 



where 5ij is the Kronecker tensor, the energy spec- 
trum function is E{k) = k^^^ {q — 1) (k/ko)^'^, the 
wave number fcg — l/lg, the length Iq is the maxi- 
mum scale of turbulent motions. The turbulent corre- 
lation time is T{k) = Ctq (fc/feg)"'^, where the coeffi- 
cient C{q,fi) = {q — 1 + fJ,)/{q — 1). This value of the 
coefficient C corresponds to the standard form of the 
turbulent diffusion coefficient in the isotropic case, i.e., 
r]^ = jT{k)[(u^)E{k)]dk = to{u^)/3. Here the time 
To = lo/^/{u^ and ^(u^) is the characteristic turbulent 
velocity in the scale Iq. For the Kolmogorov's type back- 
ground turbulence (i.e., for a turbulence with a constant 
energy flux over the spectrum), the exponent ^ ^ q — I 
and the coefficient C = 2. In the case of a turbulence 
with a scale-independent correlation time, the exponent 
H — and the coefficient C = 1. 

On the other hand, a helical part of the background 
turbulent velocity field is given by the following equation: 



{UiU^ 



\(o,x) 



(k) 



tX e. 



jm 



Kn 



87rfc4 



(6) 



where Sijk is the fully antisymmetric Levi-Civita tensor, 
X" = (u-(V X u)) is the kinetic helicity, the spectrum 
function is E^{k) = k^^ C^ {k/ko)~'^ and C^ — q — I 
for large hydrodynamic Reynolds numbers. In the scales 
Iq -^ I ^ Ix there are fluctuations of kinetic helicity x" 
(see Sec. 3). 

Using the solution of the derived second-moment equa- 
tions, we determine the contributions to the electromo- 
tive force, £j '" = £rmn J {bn Um)\^ '" dk, caused by a 
combined action of the sheared turbulence and the ki- 
netic helicity fluctuations (see Appendix A). 



III. EFFECTS OF KINETIC HELICITY 

FLUCTUATIONS IN A SHEARED 

TURBULENCE: r-APPROACH 

The procedure described in Sec. II allows us to de- 
termine the contributions to the electromotive force (in 
particular, to the a tensor) caused by a combined action 
of the sheared turbulence and the kinetic helicity fluctua- 
tions (for details see Appendix A) . This procedure yields 
the equation for the evolution of the magnetic fleld B: 



dB 
'dt 



Vx(aB-hU(^'xB-7;^J 



B 



N 



where 77^ is the turbulent magnetic diffusion coefflcient, 
J — VxB is the electric current, B^ are the nonlinear 
terms, U^'^' is the imposed background sheared velocity 
and we assume for simplicity that V = 0. Here the total 
a tensor is given by 



^ij — O^ Oij 



(S,a) 



(8) 



where a Sij determines a contribution to the total a ten- 



sor caused by a shear-free turbulence, while a. 



(S,, 



de- 



scribes a contribution to the a tensor caused by a com- 
bined action of the sheared turbulence and the kinetic 
hehcity fluctuations. The tensor a^- ■ '"^ reads 



a. 



{S,a) 



-a To 



Ci(ac/)(f' -HC2£.,„iyi«) 



(9) 



where (dU) 



(V,C/f' 



AS) 



)/2, W('5) 



VxU(^), the coefficients Ci = (3//5) (3-2^), C2 = 1/2, 
and the parameter / is given by 



/ = Tn 



\k)E{k)dk = 



(9-1 + M)' 



{q-l + 2^J){q-l) 



(10) 



For the Kolmogorov's type background turbulence (i.e., 
for a turbulence with a constant energy flux over the 
spectrum), the exponent ji ~ q — 1 and the coefficients 



(S,a) 



has 



Ci = (4/5) (3 - 2^), C2 = 2/3. The tensor a\^ 
been derived in Appendix A. 

Using Eq. ([7|) we derive equation for the correlation 



function {a.ijBp] 



(a). 



d 



^ij ^p 






pmn 



(VmSfe) {aijUnk 



,(") 



Bk {aij'^mank 



>(") 



iB,. 



-Af{a,jBj_ 



\(") 



(11) 



denote an av- 
= VxB and 



where B = (B)("), the brackets (...)^"j' 
er aging over random a fluctuations, J 
Af{aijBp)^°''' determines the third-order moments caused 
by the nonlinear terms, which include also the turbulent 
diffusion term. In Eq. pip we use the spectral t approx- 
imation ^ , whereby the relaxation time is of the order 
of the time r^ . We also take into account that the char- 
acteristic time of variation of the mean magnetic field B 
is substantially larger than the relaxation time r^ . Then 
the steady state solution of Eq. pT|) allows us to deter- 
mine the correlation function {aijBj)^"' , that is given by 
Eq. (jA6|) in Appendix A. 

Now let us consider for simplicity a linear mean ve- 
locity shear U^^^ = (0, Sx, 0) and W^^) = (0, 0, S) with 
S To ^ 1. We also consider the mean magnetic field B 
in a most simple form B — {Bx{z),By{z),0). Therefore, 



correlation function {ayjBj)^° 


' is given by 


..S,)(") = \rx 


's{tx + 2C2To)[2I,-{BxV)^ 


+ 2jy 


-(BxV)j,' 


i^r-^ , (1 



\') where we used Eq. (jA6l) given in Appendix A. 



A. Inhomogeneous kinetic helicity fluctuations 



where 



Let us first analyze inhomogeneous kinetic helicity fluc- 
tuations. The last term in Eq. p2|) describes a large-scale 
drift velocity of the mean magnetic field: 



v(") = 



:^V(52)(") 



(13) 



where t^ — l^/rj^.. The third term in Eq. (fT2|) deter- 
mines a negative contribution to the turbulent magnetic 
diffusion of the mean magnetic field: 



,?(") = -r^(fi2)(") 



(14) 



Note that the total turbulent magnetic diffusion coeffi- 



cient, 77 J 



V 



(a) 



should be positive. The reduction of the 



turbulent magnetic diffusion and the large-scale drift ve- 
locity, V*^"^ ex V(a^), of the mean magnetic field caused 
by kinetic helicity fluctuations have been obtained pre- 
viously in J8] (see also 1]) using the SOCA approach. 
The second term in Eq. p^ describes a mean a effect: 



a 



iS,a) 



¥(^ 



2C2 To) V, 



(&' 



,W 



(15) 



T^ (ci2)(«) 



(18) 



lc3 + C, = ^[l-fi + e{l + 2^)], (19) 



= I + 2C2— = 1 



4 To 
3tv 



(20) 



and Mo — Iq/tq. The parameter a^ describes the shear- 
current effect, while the parameter a a determines the 
combined effect of the kinetic helicity fluctuations and 
the sheared turbulence. Equation (fT9)l for the parameter 
a^ has been derived in [lj| for the case of large hydro- 
dynamic and magnetic Reynolds numbers. In Sec. V we 
determine the parameter cr^ for the case when hydrody- 
namic and magnetic Reynolds numbers are not large. 



C. Mean-field dynamo 

The equation for the evolution of the mean magnetic 
fleld, B = {Bx{z),By{z),Q), reads 



caused by a combined action of a large-scale shear and 
inhomogeneous kinetic helicity fluctuations. This effect 
can result in a mean-field dynamo (see [24I) that acts 
as the aO-dynamo. The first term in Eq. (fT2|) . that is 
proportional to Jx, contributes to the coefficient aa de- 
termined by Eq. (|20|) below. 



B. Homogeneous kinetic helicity fiuctuations 



Now let us consider homogeneous kinetic helicity fluc- 



tuations (V(d 



2\(q) 



0) when the mean a effect van- 



ishes. The total contribution to the mean electromotive 
force caused by the sheared turbulence and the kinetic 



(S,a) 



Xij Bj 



,(«: 



+ &Sv,i?, 



helicity fluctuations is E. 

Here the tensor b^^l determines the shear-current effect 
and is given by 



ijk 



b^l=ll[C^e,kn{dU)l^^+C^S^, 



. W^'^] 



(16) 



(see [ll), where C3 = / [1-2// -fe (9 + 10 /i)]/30, 6*4 = 
/ [3 — 2fi — e {5 + 2 fi)]/ 60, the parameter e = Em/Ey, Em 
and Ey are the magnetic and kinetic energies per unit 
mass in the background turbulence, and / is determined 
by Eq. pH)) . Magnetic fluctuations in the background 
turbulence are caused by a small-scale dynamo (see, e.g., 
[47, 48, 49J). 

The y-component of the mean electromotive force 
caused by the sheared turbulence and the kinetic helicity 
fluctuations reads 



p(S,a) 



l'oS{V.By)a,-r,(^ 






(17) 



dBx 

dt 

dBy 

dt 



-a,SllB'^ + ryB'^, (21) 

SBx + fj^B'^, (22) 



where i)^ = ^t + v'""'' ^^'^ -S" = d^Bi/dz^. Here we 
neglect small contributions to the coefficient of turbulent 
magnetic diffusion caused by the shear motions because 
Stq ^ 1 . The solution of equations ((2T|) and ((22|) we seek 
for in the form ex exp(7g t+iKz z), where the growth rate, 
7g , of the mean magnetic field is given by 



7s = S" /o ■ 



/o^Kz 



VrKi 



(23) 



The necessary condition for the magnetic dynamo insta- 
bility is CTg > 0. The parameter ctq > (see Eqs. (fT8|) 
and (POJ) '). This implies that homogeneous kinetic he- 
licity fluctuations in a homogeneous turbulence with 
shear cause a negative contribution to the parameter 
a^ . Therefore, homogeneous kinetic helicity fiuctuations 
in a sheared turbulence act against mean-field dynamo 
(see Eqs. (ITS)) and (|23p ). while the shear-current effect 
may cause the generation of the large-scale magnetic field 
when the parameter cr^ > (see also Sec. V). 

Note that two effects determined by the parameters 
(7g and ffa , can be interpreted as the off-diagonal terms 
in the tensor of turbulent magnetic diffusion. The ki- 
netic helicity fluctuations cause a negative contribution 
to the diagonal components ex 77^"' of turbulent magnetic 
diffusion of the mean magnetic field (see Eq. (|14p ). On 
the other hand, the kinetic helicity fluctuations also re- 
sults in a negative contribution to the off-diagonal term 
ex cTj, ex —(Tq in the tensor of turbulent magnetic diffu- 
sion. 



In order to determine the threshold required for the 
excitation of the mean-field dynamo instability, we con- 
sider the solution of Eqs. ((2T|) and ([22|l with the following 
boundary conditions: B(i, |z| = L) = for a layer of the 
thickness 2L in the z direction. The solution for the mean 
magnetic field is determined by 



By{t,z) = Bo exp{-fgt) cos{Kz 
Bx{t,z) = Iq Kz y^ By{t, z) . 



-P), 



(24) 
(25) 



For the symmetric mode the angle </? = tt n and the 
large-scale wave number Kz = {TT/2){2m+ 1) L^^, where 
n,m = 0,1,2,.... For this mode the mean magnetic 
field is symmetric relative to the middle plane z = Q. 
Let us introduce the dynamo number D — (Zq S^:/L)'^ a ^ , 
where parameter S^ — S L'^ /t)^ is the dimensionless shear 
number. For the symmetric mode the mean magnetic 
field is generated due to the shear-current effect when 
the dynamo number D > D„ = (7r^/4)(2m -f 1)^. For 
the antisymmetric mode the angle (^ = {'^ l'^) (2^ + 1) 
with n = 0,1,2,..., the wave number Kz = TrmL^^ 
and the magnetic field is generated when the dynamo 
number D > Dcr — ir"^ m? , where m — 1,2,3,.... 
The maximum growth rate of the mean magnetic field, 
7max = S'^ Iq (Tg /Afj^ , is attained aX Kz = S Iq y/a^/2fj^ . 
Therefore, the characteristic scale of the mean magnetic 
field variations Lb = 271 /Kz = 4:Uq/{S ^Ja^). 



IV. EFFECTS OF KINETIC HELICITY 

FLUCTUATIONS IN A SHEARED 
TURBULENCE: THE SOCA-APPROACH 

Now we study the effects of kinetic helicity fluctuations 
in a sheared turbulence using a second order correlation 
approximation (SOCA). This approximation is valid only 
for small hydrodynamic Reynolds numbers. Even in a 
highly conductivity limit (large magnetic Reynolds num- 
bers), SOCA can be valid only for small Strouhal num- 
bers (i.e., for very short correlation time). 

The procedure of the derivation of the electromotive 
force in a homogeneous turbulence with shear and kinetic 
helicity fluctuations is as follows (for details see Appendix 
B). We use Eqs. ^ and dH) for fluctuations of velocity 
and magnetic flelds, exclude the pressure term from the 
equation of motion ([1]) by calculation Vx(Vxu). We 
rewrite the obtained equation and Eq. ^ in a Fourier 
space and apply the two-scale approach (i.e., we use 
large-scale and small-scale variables). We neglect nonlin- 
ear terms but keep molecular dissipative terms in Eqs. P]) 
and (m for fluctuations of velocity and magnetic flelds. 
We seek for a solution for fluctuations of velocity and 
magnetic fields as an expansion for weak velocity shear. 

This procedure allows us to determine the contribu- 
tions to the electromotive force caused by a combined 
action of the sheared turbulence and the kinetic helicity 
fiuctuations. In particular, the tensor a\, '" caused by 



is given by 



a. 



(S.a) 



-a To 



'c,{dU)f+C2er,nWi3^ 



(26) 



(for details see Appendix B), where the coefficients Ci 
and C2 are 



Ci 



O^ 



-^ (11 Re + 3Rni) , C2 ^ ^ (Rm - 2Re) , 
10 8 

(27) 
(28) 



q+l 



g+3 



1 - {hlk) 



and Re = uq Iq/v is the hydrodynamic Reynolds number, 
Rm = ug Iq/ti is the magnetic Reynolds number. Here we 
take into account that 



a,; 



1 Ej, 



where 



Jk,G^f^;,^UkdLo 



Co v-D 



a 5, 



I] 7 



(29) 



(30) 



Co 



Cv 



1 



?+i 



the function Gn{k,uj) ^ {rjk^ — iuj) ^ and /^ ■ '"^ (k, cj) = 

(w,Uj)(0'X)(k,w) = -tx^e^jnknE^{k,u;)/{8TTk^). To in- 
tegrate in k and lu space we used the following model for 
the spectrum function E-^{k, uj) = C^ k^ (k/ko)^'^ ^{^)i 



g-i] 



where Cx = {q-l) [l-{h./lo) 
ber k varies in the interval from /, 







and the wave num- 
to l-\ Since SOCA 
is valid for small hydrodynamic Reynolds numbers the 
scale /, is not related to Kolmogorov (viscous) scale l^. 

In the scales Iq -€1 I ^ l^ there are fluctuations of ki- 
netic helicity x" (or fluctuations of a) . In order to deter- 
mine the correlation function [aijBpY"^ we use Eq. ([7]) in 
which 77^ is replaced by 77 -I- ry^, and we neglect the non- 
linear terms. Solving this equation in a Fourier space 
we determine the magnetic field i3i(K,r2), where the 
wave vector K and the frequency Vt are in the spatial 
scales lo ^ I ^ Ix and the time scales tq -^ t <s:, t^. 
Multiplying the magnetic field _Bj(K,i7) by the tensor 

aij = a Sij + a,- '" and averaging over kinetic helic- 
ity fluctuations we determine the correlation function 
{aijBj)'-°'\ It is given by Eq. (|B9| in Appendix B. 

Now we consider a linear mean velocity shear U'^ = 
(0, Sx, 0) and assume that the mean magnetic fleld B 



has the form B = {B.^{z), By{z),0). Therefore, Eq. JBg 
yields the correlation function 
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the kinetic helicity fluctuations in a sheared turbulence where Gt{K, ri) — [(77 -I- 'q^)K — i^]" 



A. Homogeneous kinetic helicity fluctuations 

Let us consider homogeneous kinetic helicity fluctua- 
tions. The 2/-component of the mean electromotive force 
caused by the sheared turbulence and the kinetic helic- 
ity fluctuations is given by Eq. (|17p , the parameter Cg is 
determined by Eq. (jlSp whereby the time t^ is replaced 



by the time f^ — c/(?7 + ''7^), and the parameter a a is 
given by 



The first term in Eq. ((3T|) that is proportional to J^, 
contributes to the coefficient a a determined by Eq. (|32p . 
Therefore, both approaches (the spectral tau- 
approximation and SOCA) demonstrate that homoge- 
neous kinetic helicity fluctuations alone with zero mean 
value in a sheared homogeneous turbulence cannot cause 
large-scale dynamo. On the other hand, inhomogeneous 
kinetic helicity fluctuations can generate large-scale mag- 
netic fleld in a sheared turbulence. 
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Here the coefficient Co = (? ^ !)/('?+ 1)) the function 
{a^)^°''> E-^{K,fl) and we use the following 



';^,2\(") 

' K 



model for the spectrum function E-^{K,D,) — ,„ 



1) (K/k^) '' S{n), where the wave number k^ — l/lx and 
we take into account that Iq <$^ l^. 

As follows from Eq. ([32]) . the parameter ctq > 0. This 
implies that homogeneous kinetic helicity fluctuations in 
a homogeneous turbulence with shear act against mean- 
field dynamo (see Eqs. pS]) and (|23p ). For small hydrody- 
namic and magnetic Reynolds numbers (i.e., for the range 
of validity of SOCA) the parameter tr^ is negative and 
the shear-current effect cannot generate the large-scale 
magnetic field (see [2J, [23). This result is in agreement 
with [ii| (see also Sec. V). 



B. Inhomogeneous kinetic helicity fluctuations 

Now let us consider inhomogeneous kinetic helicity 
fluctuations. The last term in Eq. ([3T|) determines a 
large-scale drift velocity of the mean magnetic field: 



Yi'^)='-vjGr{a')fdKdn = ^fxV^ 



52Ua) 



(33) 



and the third term in Eq. ((3T|) describes a negative con- 
tribution to the turbulent magnetic diffusion of the mean 
magnetic field [i3| (see also [l|): 
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Gt (52)(") dkdn = -Cof^ ((5')("^ . (34) 
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The second term in Eq. (|3ip determines the mean a effect 
caused by a combined action of a large-scale shear and 
inhomogeneous kinetic helicity fluctuations: 



V. THRESHOLD FOR SHEAR-CURRENT 
DYNAMO VERSUS REYNOLDS NUMBER 

In Sections III and IV we have shown that homoge- 
neous kinetic helicity fluctuations with zero mean in a 
sheared turbulence act against mean-field dynamo. On 
the other hand, shear-current effect can generate large- 
scale magnetic field even in a homogeneous nonhelical 
turbulence with large-scale shear. The shear-current dy- 
namo has been studied in [ij, [Ij, [I^ [lg| for large hydro- 
dynamic and magnetic Reynolds numbers. In this Sec- 
tion we demonstrate that hydrodynamic and magnetic 
Reynolds numbers can be not large in order to main- 
tain the shear-current dynamo. To this end we examine 
the threshold required for the generation of a large-scale 
magnetic field by the shear-current dynamo. 

Let us neglect the effect of kinetic helicity fluctua- 
tions discussed in previous sections (i.e., consider the case 
when (a^)'-"^ <C w§). A general form of the parameter 
a^ entering in Eqs. P^ and (|2ip and defining the shear- 
current effect is given by 



15r§ 



■'^^)rmEik)dk 



(36) 



Equation ([55]) has been derived in [ill using the r ap- 
proach. Here E(k) is the energy spectrum function, Tj.{k) 
is the relaxation time of the cross-helicity tensor that de- 
termines the mean electromotive force. For large hydro- 
dynamic and magnetic Reynolds numbers the relaxation 
time Tr{k) of the cross-helicity tensor is of the order of 
the correlation time of turbulent velocity field T{k). For 
simplicity we consider the case e = 0. 



Developed turbulence at low magnetic Prandtl 
numbers 



Let us first consider a developed turbulence at low 
magnetic Prandtl numbers. In this case the relaxation 
time Tr{k) of the cross-helicity tensor which takes into 
account the magnetic diffusion rj due to electrical con- 
ductivity of the ffuid, is determined by equation: 
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(35) 



r-i(fc) = 77fc2^(Cro)-i - 

Vfco 



(37) 



where we take into account that v <^ rj. For exam- 
ple, the Kolmogorov scaling corresponds to /i = 2/3, 




FIG. 1: The coefficient g^ defining tlie sfiear-current effect 
versus tfie magnetic Reynoids number Rm for very large hy- 
drodynamic Reynolds numbers. The dashed-dotted horizon- 
tal line (Tg = 4/135 corresponds to the case of large magnetic 
Reynolds numbers. 



i.e., Tr{k) ex k^"^'^ (large hydrodynamic and magnetic 
Reynolds numbers), while for small magnetic Reynolds 
numbers, the time Tr{k) oc l/^rjk'^), i.e., Tr{k) oc fc~^. 
Using Eqs. ([36]) and ([37]) we determine the parameter 
(7^ defining the shear-current effect versus the magnetic 
Reynolds number: 
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(38) 



The asymptotic formulas for the parameter ct^ are as 
follows. When Rm <^ 1 the parameter a^ reads 

^-=-ll^"^'- 
This implies that there is no shear-current dynamo for 
Rm ^ 1 in a developed turbulence at low magnetic 
Prandtl numbers. When Re ^ Rm ^ 1 the parame- 
ter cr„ is 



135 V Rm/ ■ 
The coefficient a^ defining the shear-current effect ver- 
sus the magnetic Reynolds number is shown in Fig. 1. 
This figure demonstrates that in a developed turbulence 
at low magnetic Prandtl numbers the threshold in the 
magnetic Reynolds number Rnicr required for the shear- 
current dynamo is Rnicr ~ 10. 



B. A random flow^ with a scale-independent 
correlation time 



Let us consider a random flow with a scale- independent 
correlation time. In this case the exponent fi = 0, the 



coefficient C = 1 and the relaxation time Tr{k) of the 
cross-helicity tensor which takes into account kinematic 
viscosity v and the magnetic diffusion 77 due to electrical 
conductivity of the fluid, is determined by equation: 

T-\k) = iu + rj)k^+T^' . (39) 

In this case the turbulent energy spectrum function is 

-Q 



E{k) - fco-l [q - 1 



1 - Re^i-'')/^ 



(40) 



Note that in a random flow with a scale-independent 
correlation time the viscous scale is ly = /q/ vRe, while 
the viscous scale of the Kolmogorov turbulence is li, — 
?o/Re'^' . Here the hydrodynamic Reynolds number 
Re> 1. 

When the exponent q = Q, the parameter Uj^ defining 
the shear-current effect reads 
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where a = Rm^ -I- Re~ . The asymptotic formulas for 
the parameter cr^ are as follows. When Rm <C 1 and 
Pr„j <C 1, the parameter a^ is 



Rm^ 



30 Re 
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Re 
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where Pr,„ = ly/rj is the magnetic Prandtl number. For 
Rm ^ Re ^ 1 the parameter a^ « 1/38, while for 
Re ^ Rm ^ 1 the parameter a^ ~ 1/34. 

When q = 2 the parameter a^ defining the shear- 
current effect reads 
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When Rm <C 1 and Pr„j <C 1, the parameter a^ is 
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(42) 
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while for Rm ^ Re ^ 1 the parameter cr^ 
Re ^ Rm ^ 1 the parameter a^ is 



1/15. For 
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The coefficient a^ defining the shear-current effect versus 
the magnetic Reynolds number for a random flow with a 
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FIG. 2: The coefficient g^ defining tlie sfiear-current effect 
versus tlie magnetic Reynolds number Rm for a random flow 
with a scale-independent correlation time and q = 0. The 
different curves corresponds to the following values of the hy- 
drodynamic Reynolds numbers Re: Re = 10 (solid); Re = 6 
(dotted); Re = 3 (dashed); Re = 1.5 (dashed-dotted). 




100 Re 



FIG. 3: The threshold in the magnetic Reynolds number 
RiUcr for the shear-current dynamo versus the hydrody- 
namic Reynolds numbers Re for a random flow with a scale- 
independent correlation time and g = (solid line) and q — 2 
(dashed-dotted line). The dashed line is Pr^ = i^/il = 1- 



scale-independent correlation time is shown in Fig. 2 (for 
(7 = 0). The function a^ (Rm) for the exponent q — 2 is 
similar to that for q = 0. The threshold in the magnetic 
Reynolds number Rnicr required for the shear-current dy- 
namo versus the hydrodynamic Reynolds numbers Re is 
shown in Fig. 3. Figure 3 demonstrates that the hydro- 
dynamic and magnetic Reynolds numbers can be of the 
order of 1 in order to maintain the shear-current dynamo 
and there is no need for a developed inertial range. 

The mean-field dynamo instability due to shear- 
current effect is saturated by nonlinear effects. A dynam- 
ical nonlinearity in the mean-field dynamo which deter- 



mines the evolution of small-scale magnetic helicity, is of 
a great importance due to the conservation law for the 
total (large and small scales) magnetic helicity in turbu- 
lence with very large magnetic Reynolds numbers (see, 
e.g., Hi, 113, lil, [la HO, iH, [13, [ll, and a review f^). 
In particular, the mean-field dynamo is essentially non- 
linear due to the evolution of the small-scale magnetic 
helicity ([23|). Even for very small mean magnetic field 
the magnetic a effect that is related to the small-scale 
magnetic helicity, is not small. 

The nonlinear mean-field dynamo due to a shear- 
current effect has been studied in [ISi] , whereby the trans- 
port of magnetic helicity as a dynamical nonlinearity has 
been taken into account. It has been demonstrated in [I^ 
that the magnetic helicity flux strongly affects the mag- 
netic field dynamics in the nonlinear stage of the shear- 
current dynamo. Numerical solutions of the nonlinear 
mean-field dynamo equations which take into account the 
shear-current effect (see ^15]), show that if the magnetic 
helicity flux is not small, the saturated level of the mean 
magnetic field is of the order of the equipartition field de- 
termined by the turbulent kinetic energy. The results of 
this study are in a good agreement with numerical sim- 
ulations performed in [g, [50, [51| . Note that a non-zero 
magnetic helicity flux is related to open boundary con- 
ditions (see |30l[3]|. and a review [3|). Finally, we point 
out an important issue related to the gauge invariance 
formulation for the magnetic helicity that is described in 
details in [3,[53|. 



VI. DISCUSSION 

We study effects of kinetic helicity fluctuations in a 
homogeneous turbulence with large-scale shear using the 
spectral tau-approximation and the second order correla- 
tion approximation (SOCA). We show that homogeneous 
kinetic helicity fluctuations alone with a zero mean can- 
not cause a large-scale dynamo in a sheared turbulence. 
This negative result based on SOCA and tau approach, 
is a quantitative one: the sign of a certain coefficient in 
the mean electromotive force (ex —(Ta) turns out to be 
unfavorable for the mean-field dynamo. This result is 
in a contradiction to that suggested in [23] using phe- 
nomenological arguments. In order to compare with the 
results obtained in [23|], we rewrite Eqs. (PT|) and (1^^ in 
the following form: 



^^^ -SA' + %B'' 



dt 



(43) 
(44) 



where the mean magnetic field, B — By{z)ey + 
'Vx\A(z) By]. Equation ([ii|) is similar to Eq. (8) derived 
in [231 , whereby Q' is replaced by —S, while Eq. (|43|) is 
similar to Eq. (9) derived in [23| . 

The first term in the right hand side of Eq. (|15)) de- 
termines two different effects, namely the shear-current 



effect ex a„SB' and the eflFect oc —da SB' caused 
by the homogeneous kinetic hehcity fluctuations in a 
sheared turbulence. The shear-current effect results in 
the mean-field dynamo, while the second effect (ex ^(Ja) 
acts against the mean-field dynamo (see Eqs. (|18p - ([20)) 
and ((32|) ). These two effects can be interpreted as the 
off-diagonal terms in the tensor of turbulent magnetic 
diffusion, and they cannot be reduced to the standard a 
effect. 

Note that the first term in the right hand side of 
Eq. (|15)l that determines the effect of homogeneous ki- 
netic helicity fluctuations in a sheared turbulence, is sim- 
ilar to the first term in the right hand side of Eq. (9) 
derived in [23| except for it has opposite sign. The latter 
is crucial for the mean-field dynamo. In this comparison 
we have not taken into account the shear-current effect 
determined by the coefficient a^ , because this effect has 
not been considered in ^j?|. The results obtained in the 
present study are derived using the rigorous mean field 
theory based on SOCA (see Sec. IV). These results are 
also in a good agreement with those obtained by the tau- 
approach (see Sec. III). On the other hand, the results 
of derivation performed in [23| by phenomenological ar- 
guments using ad hoc mean-field equations are in a dis- 
agreement with our results. 

The shear-current effect causes the mean-field dynamo 
in a homogeneous nonhelical turbulence with imposed 
large-scale shear. This effect has been studied previously 
(see [ijjlljjllal) only for large hydrodynamic and mag- 
netic Reynolds numbers. In the present study we deter- 
mine the threshold required for the shear-current dynamo 
as a function of Reynolds number and demonstrate that 
threshold value of the Reynolds number is of the order 
of 1. This implies that there is no need for a developed 
inertial range in order to maintain the shear-current dy- 
namo. 

In the present study we also recover the results ob- 
tained in [1^ (see also [l|) for a shear- free turbulence, 
whereby a negative contribution of kinetic helicity fluc- 
tuations to the turbulent magnetic diffusion, 77^"^ = 
—T^ (a^)^"\ and a large-scale drift velocity of the mean 
magnetic field, V^") ex r^ V((5^)^"'', have been found. 

On the other hand, we have demonstrated that in- 
homogeneous kinetic helicity fiuctuations in a sheared 
turbulence cause a nonzero mean alpha effect, a^"^'"^ ex 
— r^ 5 Vz(q:^)^"\ where the mean vorticity due to the 
large-scale shear is W^"^^ = S'e^. The mean alpha effect 
Q.(S,a) jg formed by a combined action of a large-scale 
shear in turbulent flow and inhomogeneous kinetic helic- 
ity fluctuations even when (q;)^") — 0. The large-scale 
shear and the mean alpha effect can cause a mean-field 
dynamo (see [24I) that is similar to the al7-dynamo. 

The discussed effects in this study might be impor- 
tant in astrophysics (e.g., accretion discs, colliding pro- 
togalactic clouds, merging protostellar clouds j^]) and 
laboratory dynamo experiments. In particular, non- 
symmetrical explosions of supernova may produce fluc- 
tuations of kinetic helicity located in larger scales than 



small-scale turbulence existing in convective zones inside 
stars. On the other hand, the shear-current dynamo acts 
together with the a-shear dynamo which is similar to the 
aSl dynamo. The shear-current effect does not quenched 
(see [iJ, [la]) contrary to the quenching of the nonlinear 
a effect, the turbulent magnetic diffusion, the effective 
drift velocity. This implies that the shear-current effect 
might be the only surviving effect, which can explain the 
origin of large-scale magnetic fields in sheared astrophys- 
ical turbulence. 
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APPENDIX A: DERIVATION OF EQS. ^ 
AND dH]) USING THE r-APPROACH 

In order to study the effect of kinetic helicity fluctua- 
tions in a sheared turbulence we use a procedure applied 
in |1J| for a sheared turbulence. Let us derive equations 
for the second moments. To exclude the pressure term 
from the equation of motion JT]) we calculate V x ( V x u) . 
Then we rewrite the obtained equation and Eq. ([2]) in a 
Fourier space. We also apply the two-scale approach, 
e.g., we use large scale R = (x -I- y)/2, K = ki -I- k2 and 
small scale r = x— y, k — (ki — k2)/2 variables (see, e.g., 
[53]). We derive equations for the following correlation 
functions: 



/y(k) 



,(k) = 



L{ui;u.j) , /i.y(k) = L{bi;bj) , 
L{bf,Uj) , (Al) 



where 



L{a; c) = / (a(k + K/2)c(-k + K/2)) 

X exp (iK-R) dK , 

where (...) denotes averaging over ensemble of turbulent 
velocity field. The equations for these correlation func- 
tions are given by 
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(A3) 



^^ = ^(k.B)[/,,(k)-/.,,(k)-;^|f]+/, 

+ >^|mn(U)gmn+7V'5jj , 



(A4) 



(see [ij|), where hereafter we omit argument t and R 
in the correlation functions and neglect small terms ~ 
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0(V2). 
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Here Fij is related to the forcing terms and V 



f(0,x) 



In Eqs. 



L,jj, are the third-order moment 
terms appearing due to the nonlinear terms which include 
also molecular dissipation terms. The tensors /j^,„„(U), 



and A/'/ij, A/'/iy, J\fg 



^zWmn(U) and J4„„(U) are given by 
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where fc. 
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fC^ n^'i / iv 



The source terms /j 



/ 






and If- which contain the large-scale spatial derivatives 
of the magnetic field B, are given in [1J|. Next, in 
Eqs. (|A2p - (|A4p we split the tensor for magnetic flue- 

tuations into nonhelical, /ly, and helical, /i^ , parts. 
The helical part of the tensor of magnetic fluctuations 
hlj depends on the magnetic helicity and it follows from 
the magnetic helicity conservation arguments (see, e.g., 
m, [13, m, US 113, Hi). We also use the spectral r 
approximation which postulates that the deviations of 
the third-moment terms, MM^^^^") {]<.), from the contri- 
butions to these terms afforded by the background tur- 
bulence, A/'M*^-^^^'°^(k), are expressed through the similar 
deviations of the second moments, M'^^^^(k) — M'^^^'°^(k) 
[seeEq. ©]. 

We take into account that the characteristic time of 
variation of the magnetic field B is substantially larger 
than the correlation time r(fc) for all turbulence scales. 
This allows us to get a stationary solution for Eqs. (|A2p - 
(|A4p for the second-order moments, Af^^^^(k), which are 
the sum of contributions caused by a shear-free turbu- 
lence, a sheared turbulence and kinetic helicity fluctua- 
tions. The contributions to the mean electromotive force 
caused by a shear-free turbulence and the sheared tur- 
bulence without kinetic helicity fluctuations are given in 
[iJ]. On the other hand, the contributions to the electro- 
motive force caused by a combined action of the sheared 
turbulence and the kinetic helicity fluctuations, are given 



by fm '" = s,nji J 5^^'" (k)dk, where the correspond- 
ing contributions to the cross-helicity tensor gl- '"' in the 
kinematic approximation, are given by 



is,, 



\k) 



4„„r(k.B)-fT(k.B)/,i 
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ijmn 
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V mn 
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where f^^'^' = {u,u,)'^^^^> = -ix'' s,,„KE^ik)/i8nk^) 
is the helical part of the velocity fluctuations. Straight- 
forward calculations using Eq. (jASP yields the contribu- 
tions a^ ■ '" to the a tensor caused by a combined action 
of the sheared turbulence and the kinetic helicity fluctu- 
ations, that is determined by Eq. ©. The total a tensor 



a (5. 



u + a^"'"', where aSij determines 



is given by a; 

a shear-free turbulence contribution. This procedure al- 
lows us to derive the equation for the evolution of the 
magnetic field B that is given by Eq. ^. 

Using Eq. ([7]) we derive equation for the correla- 
tion function(aiji?p)(") that is given by Eq. pTj) . where 
(...)^"' denote an averaging over random a fluctuations. 
Equation (jlip include the third-order moments caused 
by the nonlinear terms. In Eq. pTjl we use the spectral r 
approximation ([3]), where the large-scale relaxation time 
is of the order of t^ . We also take into account that the 
characteristic time of variation of the mean magnetic field 
B = (B)'"^ is substantially larger than the relaxation 
time Ty . This yields the correlation function (a 
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where J = VxB. We consider for simplicity a lin- 
ear mean velocity shear U^'^^ = (0, Sx, 0) and W^"^' = 
(0,0,5'), where Stq ^ 1. The mean magnetic field B 
in a most simple form is B = {Bx{z), By{z),0). Equa- 
tion (IA6D allows us to determine the correlation function 



^yj^j 



,(") 



that is given by Eq. P^ . 



APPENDIX B: DERIVATION OF EQ. ^^ USING 
THE SOCA-APPROACH 

In order to study the effect of kinetic helicity fluctu- 
ations in a turbulence with large-scale shear we use a 
second order correlation approximation (SOCA) applied 
in [24| for a sheared turbulence. To exclude the pres- 
sure term from the equation of motion ([1]) we calculate 
Vx(Vxu), then we rewrite the obtained equation and 
Eq. ([2]) in a Fourier space, apply the two-scale approach 
(i.e., we use large-scale and small-scale variables), and 
we neglect nonlinear terms in Eqs. H]) and ^. On 
the other hand, we keep molecular dissipative terms in 
these equations. We seek for a solution for fluctuations 
of velocity and magnetic fields as an expansion for weak 
velocity shear: 
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where 
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6f)(k,c.) = G^{k,u;) 



i(k-B)(5y - ((5y ^rn-^ 



+Sim6jn] {^nBm) 



u^P{k,u;) 



■' dk ^ "it" OP 
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(B5) 



(for details see [2JI)- Here G^{k,uj) — {vk"^ — icj)^^ and 
Gnik,uj) = (77P — iLu)~^. 

Equations (|B3P - (|B5P allow us to determine the cross- 



helicity tensor g, 
,(1) do)\ 



(1) - f/h(^K,(o)\ 
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((&: 



+ {b. 



(o)„(i)\ 



,(")^(i)\ 



(w^- &. 



{uj h\ ))/2. This procedure yields the contributions, 






Ai,S,a), 



mji J glj'^'"'{k,uj) dkdcj, to the electromotive 
force caused by a combined action of the sheared turbu- 
lence and the kinetic helicity fluctuations. In particular, 
the a tensor caused by the kinetic helicity fluctuations in 
a sheared turbulence reads: 



where 
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^D,{dU)\p+D2e,,nWi'\ 
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^' " 60 / (G^(llG- + llGi^ + 5G0+mG. 
+ 11G: + 5G;) + 4fc{G„G; + [G„{G, + Gl) 
+G;Giy + G;{G, + G;)'}) E^ik,uj) dkduj , 

(B7) 

I?2 = ^ / [G^(G^ — Gjy — G*) + G*(Gi, 



-Gl)] E^{k,uj)dkduj 



(B8) 



Here E{k,uj) — E{k,uj)/8Trk'^ and we integrate over 
the angles in k space. The total a tensor is given by 
aij = a Sij + a^ ■ '" , where a Sij determines a shear- 
free turbulence contribution. Let us consider the fol- 
lowing model for the spectrum function E^{k,Lu) = 
G^ kQ (k/ko)^'^ 6{uj). Then integration over k and cu in 
Eqs. (|B7|) and (|B8[) yields the contributions to the a ten- 
sor caused by a combined action of the sheared turbu- 
lence and the kinetic helicity fluctuations. In particular, 
the tensor a- ■ '"' is given by Eq. (p6)) . 

In the scales Iq -^ I -^ l^ there are fluctuations of 
kinetic helicity x" (or fluctuations of a). Now we de- 
termine the correlation function {aijBp}^"' . To this end 
we use Eq. ([7]) in which 77^ is replaced by 77 -I- 77^ and 
the nonlinear terms are neglected. Solving this equa- 
tion in a Fourier space we determine the magnetic field 
BjCK, f2), where the wave number K and the frequency 
il are in the spatial scales Iq -^ I -^ l^ and the time scales 
To <§:. T <§:_ T^. Multiplying the magnetic field BjCKjQ) 



by the tensor a^ 



aS,. 



a,-,- '" and averaging over ki- 



netic helicity fluctuations we determine the correlation 
function (aijBj)''"^: 



B 



n \5ij { 



a V, «(?;"))(") 






-<5„,„,(a(f'">a)(") 



-5i, K„ 



'dK, 



Gl 



[2J,-(BxV),](a 



s2\(") 

k 



dKdfl , 
(B9) 



where Gt{K,^) = {Vt^^ ^ ifi)^^. We consider a 
linear mean velocity shear U'^'^^ = (0, Sx, 0) and as- 
sume that the mean magnetic fleld B has a form: B — 
{Bx{z),By{z),0). This allows us to simplify Eq. ([BO]) 
and to determine the correlation function {ayjBj)^"-' (see 
Eq. dSID). 
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